INTRODUCTION
Radiofrequency ablation (RFA) results in coagulation necrosis of the tumor exposed to heat generated by alternating electrical current (300-1,000 kHz) from the RF electrode tip. 1 The Barcelona Clinic Liver Cancer (BCLC) staging system and treatment strategy for hepatocellular carcinoma (HCC) endorsed by European Association for the Study of the Liver (EASL), American Association for Clinical significance and predictive factors of early massive recurrence after radiofrequency ablation in patients with a single small hepatocellular carcinoma
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the Study of Liver Diseases (AASLD), and the Korean Liver Cancer Study Group (KLCGS)/National Cancer Center (NCC) recommend RFA as a curative treatment for patients with single or 3 tumors <3 cm of diameter with ECOG 0 and Child-Pugh class A or B. [2] [3] [4] RFA is also a treatment with curative intent when resection or liver transplantation is not feasible due to comorbidities of the patients. 5 Overall 5-year survival after RFA is reported to be 59. 7- 60.2% paralleling those of hepatic resection. 6, 7 The recurrence of tumor after curative treatment is a significant risk to the overall prognosis of patients with HCC. Local tumor progression and intrahepatic distant recurrence after RFA at 5 years have been reported as 3.2-27.0% and 73.1%-74.8%, respectively. 6, 7 Location and extents of recurrence after RFA are quite variable. Patients with recurrence of HCC after RFA can further undergo treatment with curative intent by administrating RFA, hepatic resection, or liver transplantation as long as they are eligible for the corresponding treatment. [8] [9] [10] The Milan criteria (i.e., single HCC <5 cm or multiple HCCs ≤3 in number and each <3 cm in diameter, no vascular invasion, and no extrahepatic metastasis) are being widely used as selection criteria for curative treatment in these settings. Unfortunately, recurrence of HCC beyond Milan criteria is not rare after RFA. [11] [12] [13] [14] [15] Development of such recurrence limits treatment strategies to palliative approaches with less optimal prognosis. Furthermore, 'early' recurrence beyond Milan criteria can be a dreadful event for patents and physicians associated with poorer prognosis. 16 The aim of this study was to determine clinical significance and predictive factors of early recurrence beyond Milan criteria, or early massive recurrence after RFA in patients with single small HCC.
MATERIAL AND METHODS

Patients
Between 2006 and 2009, 1,051 patients were newly diagnosed with single HCC within 3 cm in size and without vascular invasion or distant metastasis at Samsung Medical Center, Seoul, Korea. The diagnosis of HCC was established pathologically or clinically based on typical image findings with or without elevated serum AFP level in high risk groups according to the KLCGS/NCC guideline. 4 Among these patients, 477 patients underwent percutaneous RFA as initial treatment modality. Inclusion criteria at our institution for RFA were as follows: (1) presence of a single nodular HCC ≤5 cm in maximum diameter or 3 or fewer HCCs with ≤3 cm in maximum diameter; (2) absence of vascular invasion or distant metastasis; (3) Child-Pugh class A or B; and (4) prothrombin time with an international normalized ratio <1.7 and platelet count ≥50,000 cells/mm 3 . In cases of a single HCC in a Child-Pugh class A patient without portal hypertension or hyperbilirubinemia, surgical resection was preferred. However, age, co-morbidity, and preference of the patients were also taken into account. The technical feasibility of RFA was assessed with planning ultrasonography exam by the radiologist who would perform the RFA procedure. 6 Complete ablation was defined as presence of an ablation zone large enough to cover the entire index tumor on the CT scan taken immediately after the RFA. Thirty-nine patients were excluded due to enrollment in clinical study (n=16), liver transplantation before recurrence (n=6), or incomplete ablation (n=17). Lastly, 438 patients with complete ablation were finally included in this study (Fig. 1) .
Procedure of RFA
All RFA procedures were performed on an in-patient basis. RFA was approached percutaneously under ultrasound guidance (HDI 5000, Philips Healthcare, Best, The Netherlands; Acouson Sequoia 512, Siemens Medical Solutions, Mountain View, CA, USA; LOGIQ E9, GE Healthcare, Milwaukee, WI, USA). Patients were treated with 2% lidocaine hydrochloride at the puncture site and intravenous drip infusion of 50 mg pethidine hydrochloride mixed with 50 ml of 5% dextrose water. Cardiovascular and respiratory systems were continuously monitored during the procedure. Inter- 
Assessment
Retrospective analysis of the baseline patient characteristics at https://doi.org/10.3350/cmh.2016.0048 diagnosis included age, sex, etiology of the liver disease, ChildPugh class, and alpha-fetoprotein (AFP) levels. The tumor size, conspicuity, and distance to the surface of the liver, diaphragm, colon, and vascular structures were also reviewed. The tumor within 1 cm of the liver surface, colon, diaphragm, or vascular structure was designated as being 'adjacent' or 'in proximity' to the corresponding structure. 1 The patients were followed up regularly at 3 months interval for 2 years and at 6 months interval thereafter with dynamic CT or MRI for the assessment of recurrence. Local and remote recurrence, massive recurrence, and early massive recurrence were evaluated during follow up. While local recurrence was defined as the appearance of enhancing tumor around the ablation zone or resection margin, remote recurrence included the intrahepatic distant recurrence and extrahepatic recurrence. Further therapies such as RFA, resection, transarteiral chemoembolization, liver transplantation, and/or target therapy were applied for recurrent tumor according to the extent of recurrent tumors, liver function, and general performance of the patients.
Massive recurrence was defined as recurrence beyond Milan criteria, namely recurrence of HCC presenting as intrahepatic tumor(s) with size and/or numbers beyond Milan criteria, vascular invasion, or extrahepatic metastasis at the time of the first recurrence. Early massive recurrence was defined as initial recurrence of HCC beyond Milan criteria within 2 years after RFA. 18 Incidence, clinical significance, and any predictive factors of early massive recurrence were evaluated. This study was approved by the institutional review board of our hospital.
Statistical analysis
Descriptive statistics were used to summarize baseline characteristics. The statistical results are presented as the mean ± standard deviation (SD) or percentages. In all study subjects, continuous variables were compared parametrically using Student's t-test or non-parametrically using the Mann-Whitney U -test. Categorical variables were compared using the χ 2 -test or Fisher's exact test as appropriate. Cumulative rates of recurrence free survival were analyzed using the Kaplan-Meier method. Independent risk factors predicting early massive recurrence were analyzed using stepwise Cox regression analysis. A two-sided P value <0.05 was taken as statistically significant. All statistical analyses were performed using SPSS version 19.0 (SPSS, Inc, an IBM Company, Chicago, IL, USA).
RESULTS
Baseline characteristics of the patients
The majority of the patients were male (75.3%) with median age of 57 years (range: 30-82). The etiology of liver disease was associated with hepatitis B virus (HBV), hepatitis C virus (HCV), and combined HBV and HCV in 317 (72.4%) patients, 71 (16.2%) patients, and 5 (1.1%) patients, respectively. Alcohol as an etiology of liver disease was noted in 17 (3.9%) patients and cryptogenic liver disease was noted in 28 (6.4%) patients. Child-Pugh class was A in 376 (85.9%) and B or C in 62 (14.1%) patients. The tumor size at initial presentation was 1.85±0.55 cm (mean±SD). Conspicuity of tumors was poor in 83 (18.9%) patients. The tumor was adjacent to the surface, diaphragm, colon, and vascular structures in 152 (34.7%), 36 (8.2%), 19 (4.3%), and 91 (20.8%) patients, respectively. There was no significant difference of the patient and tumor characteristics in the recurrence and the nonrecurrence group (Table 1) .
Recurrence, massive recurrence, and early massive recurrence after RFA During median follow up period of 68.4 months (range: 1.0- (Fig. 2) . Early massive recurrence was noted in 27 patients (6.2%) as follows:
detection of intrahepatic tumor(s) with size and/or numbers beyond Milan criteria (n=11), vascular invasion (n=3), and extrahepatic metastasis (n=13). Subsequent treatments for patients with early massive recurrence were RFA (n=10), TACE (n=7), resection (n=3), sorafenib (n=2), and standard medical care (n=5). A B 
Overall survival after RFA and predictive factors
The 1-, 3-, and 5-year cumulative rates of overall survival were 98.1%, 86.3%, and 72.8%, respectively (Fig. 3A) . Univariate analysis of predictive factors revealed age, Child-Pugh score, and early massive recurrence to be predictive of overall survival. Multivariate analysis identified older age (OR=1.04; 95% CI 1.02-1.05; P<0.001), Child-Pugh score B or C (OR=1.16; 95% CI 1.01-1.33; P=0.03), and early massive recurrence (OR=8.07; 95% CI 5.13-16.27; P<0.001) as the independent risk factors predictive of poor overall survival ( Table 2) . The 1-, 3-, and 5-year cumulative rates of overall survival were 95.4%, 84.7%, and 81.8%, respectively in patients with no recurrence (n=136), 99.6%, 86.4%, and 70.1%, respectively in patients with recurrence within Milan criteria or late recurrence, (n=275), 92.6%, 46.5%, and 0.05%, respectively in patients with early massive recurrence (n=27). Overall survival in patients with recurrence within Milan criteria or late recurrence was significantly better than those with early massive recurrence but significantly lower than those with no recurrence (P<0.001) (Fig. 3B) .
Predictive factors for early massive recurrence after RFA
Possible predictive factors for early massive recurrence were evaluated using Cox regression analysis. Age, sex (male vs. fe- (Table 3) . Probability of early massive recurrence was assessed according to risk factors. Early massive recurrence was noted in 3.6% in patients with no risk factors (n=237), 10.7% in those with tumor size ≥2 cm only (n=182), 28.6% in those with tumor adjacent colon only (n=7), and 45.5% in tumor size ≥2 cm and adjacent to colon (n=12) (P<0.001) (Fig. 4) .
DISCUSSION
RFA is one of the most commonly applied curative treatment modalities in patients with single small HCC showing clinical outcomes comparable to that of surgical resection. However, clinical significance and risk factors of early massive recurrence after RFA has not been fully evaluated. During median follow up of 68.4 months (range: 1.0-117.1) in 438 patients with single ≤3 cm HCC successfully treated with RFA in this study, the 1-, 3-, and 5-year initial massive recurrence rates were 3.9%, 12.9%, and 17%, respectively. Early massive recurrence, noted in 27 patients (6.2%), was identified as an independent predictor of poor survival and associated with tumor size ≥2 cm and proximity to colon.
Although recurrence after RFA is a common problem, favorable outcome in patients with recurrence can be expected as long as curative treatment is applicable. A recent study by Chan, et al. reported 1-, 3-, and 5-year tumor-free survival rates for salvage liver transplantation at 68.4%, 57.9%, and 57.9% in patients who developed recurrent HCC within the Milan criteria after undergoing curative treatment. 19 However, massive, multiple, and/or extrahepatic recurrence of HCC with or without major vascular invasion is associated with grave prognosis since curative treatment can no longer be applied in this setting. Furthermore, clinical outcome is more dreadful if this incident occurs early. Hence, we evaluated incidence, clinical significance, and predictive factors of recurrence beyond Milan criteria (widely accepted criteria for successful application of curative treatment) within 2 years (generally acknowledged point for definition of 'early' recurrence). [2] [3] [4] 18 In this study, 1-, 3-, and 5-year cumulative rates of recurrence were 23.1%, 58.4%, and 70.8%, respectively. It is comparable to previous long-term studies reporting intrahepatic distant recurrences at 24.4-25.6%, 59.5-63.3%, and 73.1-74.8%, respectively. 6, 7 One-, 3-, and 5-year initial recurrence rates beyond Milan criteria in our patients were 3.9%, 12.9%, and 17%, respectively. 20 The lower rates of recurrence in our study may be due to https://doi.org/10.3350/cmh.2016.0048
the difference in the inclusion criteria for the RFA since our study enrolled patients with single small HCC, while Tsuchiya, et al. 20 included patients within Milan criteria. In our study, early massive recurrence was noted in 27 patients (8.0%) with the following reasons: detection of tumor(s) with size and/or numbers beyond Milan criteria (n=11, 2.5%), vascular invasion (n=3, 0.7%), and extrahepatic metastasis (n=13, 2.9%).
In this study, 1-, 3-, and 5-year cumulative rates of overall survival were 98.1%, 86.3%, and 72.8%, respectively. It was comparable to those of previous reports at 95.5%-96.6%, 77.9-80.5%, and 59.7-60.2%, respectively. 6, 7 This study shows that independent risk factors predictive of poor overall survival were older age, Child-Pugh Class B or C, and early massive recurrence.
Our results are comparable to those of other previous studies on outcome after RFA. Age, Child-Pugh score, and serum AFP levels were suggested as prognostic factors for survival in a previous large-scale study from our institution. 21 A Japanese prospective study comparing outcome after RFA and surgery described above showed that procedure type (surgery), AFP level, Child-Pugh class were negative factors associated with recurrence. 22 Early massive recurrence resulted in 1-, 3-, and 5-year overall survival of 92.6%, 54.2%, and 19.4%, respectively, although initial tumor size was small with complete ablation. Tsuchiya, et al. also reported a significantly lower overall survival in patients with tumor recurrence beyond Milan criteria within one year. 20 In our study, multivariable analysis identified initial tumor size ≥2 cm and tumor adjacent to the colon as the independent risk factors predictive of early massive recurrence. Early massive recurrence was as high as 45.5% in tumor size ≥2 cm and adjacent to colon, compared to 3.6% in patients with no risk factors. Kim, et al. analyzed 300 patients with HCC <4 cm treated with RFA and stated that tumor size ≥2 cm was associated with greater risk of recurrence. 23 Lee, et al. also reported greater tumor size as the risk factor for recurrence after RFA. 11 Histopathologically, HCC <2 cm have been reported to have greater areas of well-differentiated carcinoma with microsatellite lesions in about 3% of the cases which are usually within 5 mm of the tumor. 24 However, in HCC <3 cm, microsatellite lesions confirmed after resection increased up to 19%. 25 Difference in composition of tumor and increase in number of satellite lesions contribute to increase in massive recurrence rate after RFA. Although MRI was done in most of our patients for more accurate detection intrahepatic lesions before RFA, failure to detect minute lesions would be unavoidable due to limitation of current imaging modalities in these mostly cirrhotic patients. Presence of hidden lesions can lead to early and/or massive recurrence after RFA, especially in patents with relatively large tumors. 26, 27 In addition, insufficient work up for extrahepatic metastasis at the time of initial diagnosis can lead to early extrahepatic recurrence in our patients. 28 In our study, tumor located within 1 cm of the colon was another risk factor for early massive recurrence. The topographical location of the tumor is an important factor to consider as RFA most commonly uses ultrasound (US) for guidance to localize the tumor. Any interference to obtaining a clear image (e.g. poor acoustic window) and a proper pathway to the tumor may hinder complete ablation of the tumor, which may lead to early massive recurrence. Although artificial ascites was made to separate the tumors and adjacent colon if applicable at our institution, sufficient thermal energy might not be delivered due to fear of collateral thermal injury in some cases. 29 Consequent insufficient ablation seems to be associated with poor outcomes in these patients. Among 19 patients with tumor adjacent to colon in our study, artificial ascites was used for in 14 patients. Proximity to any organ or surface of the liver in patients undergoing RFA was reported to be associated with high risk of insufficient margin and dissemination of malignant tumor cells from increased intratumoral pressure leading to early massive recurrence. 23, 30, 31 While large tumor size (or advanced tumor stage) and proximity to major vessel or adjacent organ were commonly reported risk factors for early diffuse or scattered recurrence in previous studies and ours, high levels of tumor markers, poorly defined margin, poor pathologic differentiation, or presence of HCV infection were also suggested by some authors. [11] [12] [13] [14] 20, 23 Diverse inclusion criteria and RFA techniques as well as variable study design according to the authors may lead to the difference in risk factors among studies. Our finding is limited by the retrospective nature of our study design. Decision to undergo RFA in each patient was at the discretion of the corresponding physicians, which may have led to developing a possible bias of our results. Despite the above limitation, this is the first study showing that early massive recurrence is not rare and one of the independent factors predictive of poor survival after RFA even in patients with single HCC. In addition, we revealed that tumor size ≥2 cm and proximity to colon were associated with high chance of early massive recurrence. Other treatment modalities including surgical resection can be suggested as better treatment option for HCC with such risk factors predictive of early massive recurrence.
In conclusion, early massive recurrence after RFA is a clinically significant, not-so-rare problem leading to poor overall survival in patients with single small HCC. In addition, tumor size ≥2 cm in http://www.e-cmh.org https://doi.org/10.3350/cmh.2016.0048
size and proximity to colon of tumor were associated with high risk of early massive recurrence. For these high-risk group, application of treatment modality other than RFA could be considered, especially if infusion of artificial ascites between the tumor and adjacent colon is not successful enough.
